Aims. We determine the stellar population properties -age, metallicity, dust reddening, stellar mass and the star formation historyfor all spectra classified as galaxies that were published by the Sloan Digital Sky Survey (SDSS data release 14) and by the DEEP2 (data release 4) galaxy surveys. Methods. We perform full spectral fitting on individual spectra, making use of high spectral resolution stellar population models. Calculations are carried out for several choices of the model input, including three stellar initial mass functions and three input stellar libraries to the models. We study the accuracy of parameter derivation, in particular the stellar mass, as a function of the signal-tonoise of the galaxy spectra. We find that signal to noise ratio per pixel around 20 (5) allow a statistical accuracy on log 10 (M * /M ) of 0.2 (0.4) dex, for the Chabrier IMF. Results. We obtain the galaxy stellar mass function probed by SDSS, eBOSS and DEEP2 for galaxies with 0.2 < z < 0.8. We study DEEP2 galaxies selected by their [Oii] luminosity in the redshift range 0.83 < z < 1.03, finding that they have stellar masses with a flat number density in the range 10 9 < M/M < 10 11.5 . We publish all catalogs of properties as well as model spectra of the continuum for these galaxies as a value added catalog of the fourteenth data release of the SDSS. This catalog is about twice as large as its predecessors (DR12) and will hopefully aid a variety of studies on galaxy evolution and cosmology.
Introduction
In the current paradigm of galaxy evolution, structures and galaxies form hierarchically: larger halos are formed by the coalescence of smaller progenitors. From a macroscopic or thermodynamical point of view, galaxies are typically described as systems composed of the following tightly interacting sub-systems: the dark matter halo, the central black hole, the stars, the cold gas, the hot gas and the dust. In addition, the galaxy interacts with its surroundings, the intergalactic medium, where it ejects gas or from where it aggregates matter. A galaxy in this model is characterized by the mass of each of its components and the share of mass constituted by elements heavier than hydrogen. The visible component of galaxies is approximated as a triphased system made of stars, inter-stellar medium and circumgalactic medium. This system is driven by the stellar activity; e.g. star formation rate, supernovae rate, the activity of the central active part of the galaxy; that induce gas movements: winds, accretion and expulsion (Mo et al. 2010) . What stars populate galaxies is thus a central question in galaxy evolution.
The method to infer a galaxy stellar properties (e.g. stellar ages, chemical composition, dust effects, the star formation history and the stellar mass) consists in fitting models to the observed spectral energy distribution. There exist many variants of this method. Variations occurs in all dimensions of the problem: the models of the stellar population, the wavelength covered by observations or by models, the fitting method to compare models and data (e.g. statistics, priors, etc.) . In this study we use the Maraston & Strömbäck (2011) (M11 hereafter) stellar population models together with the firefly fitting routine (Wilkinson et al. 2015; Goddard et al. 2017a,b; Wilkinson et al. 2017) . These code and models are shown to be able to reconstruct accurately the complete star formation history for spectra with signal to noise ratios (SNR) of about 5 per pixel, as confirmed by extensive testing using mock galaxies, real galaxies and star clusters (see, Wilkinson et al. 2017, and Sec. 3.2) .
We perform model fitting to the optical spectra measured by the Sloan Digital Sky Survey (SDSS DR14) and the DEEP2 survey (DR4) Newman et al. 2013) . We chose these two medium resolution optical spectroscopic surveys because they sample the stellar mass vs. redshift plane in a complementary manner, as one can see on Fig. 1 . Similar stellar population model catalogs are available for the SDSS DR12. Stellar properties from broad-band SED fitting were published by Maraston et al. (2013) and emission-line properties by Thomas et al. (2013) . Here we present a work that follows their approach and extends calculations to full spectral fitting.
We present the set of observed spectra in Section 2. The firefly fitting routine and models are described in Section 3. In Section 4, we detail the results obtained, in particular the level at which properties such as the stellar masses are constrained. Finally, we show a couple of scientific applications based on this data set: the galaxy stellar mass function in SDSS and the stellar mass function of [Oii] 
Spectroscopic data
In this analysis, we consider galaxies from the SDSS and DEEP2 spectroscopic surveys. The redshift range spanned by the data is 0 < z < 1.4 and most derived stellar masses are in the range 10 6 M to 10 12.5 M . The two surveys cover this parameter space in a complementary fashion. SDSS covers the most luminous galaxies over a wide area (order of 10,000 deg 2 ) and DEEP2 samples fainter galaxies (by about 2 magnitudes) over a small area (order of 2 deg 2 ). Fig. 1 shows the redshift distribution of the two data sets. In both samples, the median signal to noise ratio per pixel in galaxy spectra with a robust redshift spans a wide range of values between 0.1 to 100, see Fig. 2 . We comment on the correlation between signal to noise ratio and uncertainty on the stellar mass later in the paper.
SDSS
We consider spectra obtained with the SDSS or BOSS spectrograph (Gunn et al. 2006; Smee et al. 2013) as in the fourteenth data release (Dawson et al. 2016; Blanton et al. 2017; Abolfathi et al. 2017) . The SDSS (BOSS) spectrographs cover 3800-9200Å (3650−10, 400Å) at a resolution 1500 at 3800Å and 2500 at 9000Å with 3 (2) arc seconds diameter fibers. Due to the variety of target selection algorithms successively applied to tar-get galaxies within SDSS, the magnitude limit assumes different values. In the i-band, the different magnitude limits are mostly contained in the range 17 and 22.5.
For the stellar population fitting, we consider objects classified as galaxies following criteria used in previous SDSS galaxy products 6 . We consider objects for which a definite positive redshift was derived using galaxy templates (CLASS=="GALAXY", Z > Z ERR > 0, ZWARNING == 0) in the current redshift pipeline (Bolton et al. 2012, version v5_10_0) . For the data observed with the BOSS spectrograph, we consider the "NOQSO" version of these quantities. The obtain about 2.4 million optical galaxy spectra; 851, 755 million were observed with the SDSS spectrograph setup and with 1, 618, 192 with the BOSS spectrograph setup, see Table A.1. Compared to previous stellar population model catalogs, we roughly double the number of stellar masses measured (DR12 Maraston et al. 2013; Thomas et al. 2013) . In particular the number of well-constrained stellar masses (parameter constrained to better than 0.2 dex at given IMF) has also doubled. Such a gain in precision is enabled by fitting every pixel of the spectra rather than fitting the broad-band magnitudes (photometry) at the spectroscopic redshift. However, this is at the cost of having a less homogeneous sample. Indeed, the uncertainty on the stellar population parameters depends on the signal to noise ratio obtained in individual spectra, which varies according to observing conditions, position in the spectrograph and survey strategy. Hence, the tighter constrain on stellar parameters is gained at the price of completeness. The first row of panels of Fig. 2 shows how the median signal to noise per good pixels are distributed with redshift. Low redshift galaxies (z < 0.4) were observed on average at higher signal to noise ratio than higher redshift galaxies. The second row of panels of Fig. 2 shows how the median signal to noise per good pixels in the i-band correlate with the uncertainty on the stellar mass (for 4 redshift bins).
The complete set of observed spectra we processed occupies about 0.8T of disk space. The data considered for fitting in this analysis is available via the SDSS server, -BOSS spectrograph data https://dr14.sdss.org/ sas/dr14/eboss/spectro/redux/v5_10_0/spectra/ PLATE/spec-PLATE-MJD-FIBERID.fits. -SDSS spectrograph data https://dr14.sdss.org/ sas/dr14/sdss/spectro/redux/26/spectra/PLATE/ spec-PLATE-MJD-FIBERID.fits.
The data model for the spectra is described here https://data.sdss.org/datamodel/files/BOSS_ SPECTRO_REDUX/RUN2D/spectra/PLATE4/spec.html.
DEEP2
DEEP2 is a deep pencil beam survey that acquired spectra for galaxies brighter than R < 24.1 to study the evolution of galaxies. The survey is split in four fields that cover 2.7 deg 2 (Newman et al. 2013 ). The DEIMOS spectrograph at Keck was used, which covers approximately the wavelength range 6500−9300Å at a resolution ∼6000 (Faber et al. 2003) . It accommodates order of 120 slits per mask. Although DEEP2 is a major galaxy evolution survey and stellar masses for galaxies observed by DEEP2 are mentioned in many publications, there does not seems to be a public stellar mass catalog available online for comparison (Kassin et al. 2007; Covington et al. 2010; Mostek et al. 2013; Coil et al. 2017) . Fig. 1 . Redshift distribution for the galaxies considered in this analysis. Galaxies with stellar mass constrained within ±0.2dex (solid lines) and ±0.4dex (dashed lines) are depicted. The second row of panels shows the stellar mass (for a Chabrier IMF and and models adopting the ELODIE library) v.s. redshift. Fig. 2 . Median signal-to-noise over all good pixels v.s. redshift (first row of panels). The second row of panels shows the correlation between the median signal-to-noise over all good pixels in the SDSS i-band and the uncertainty on the stellar mass for four redshift bins 0-0.1, 0.2-0.3, 0.4-0.5, 0.6-0.7. The SDSS u,g,r,i,z filters transition from one another at 4000, 5500, 7000, 8500Å i.e. at redshift 0, 0.375, 0.75 and 1.125 for the 4000Å break. We see in the last two redshift bins that information is shifted towards redder bands. Sadly, the median SN in the z band is not reliable due to difficult sky subtraction.
In this analysis we consider the galaxy spectra that have a redshift in the range 0.001 < z < 1.7 and that are classified with a flag Z_FLG ≥ 2. We use flux-calibrated spectra produced by Comparat et al. (2016) . Out of the 50, 319 entries in the DEEP2 DR4 catalog, 34, 851 are considered for a stellar population model fit, see Table A .1 for the detailed numbers. To compare to the numbers obtained in Comparat et al. (2016) , we further divided the data after the eventual detection of emission line in the spectrum.
The spectra used in this analysis were obtained via the DEEP2 server, here: http://deep.ps.uci.edu/DR4/ spectra.html. The subset of processed flux-calibrated spectra are available here http://www.mpe.mpg.de/~comparat/ DEEP2/spectra.
Stellar population modeling
We adopt the code Firefly (Wilkinson et al. 2017) and the stellar population models of Maraston & Strömbäck (2011) with different options for the Initial Mass Function (IMF) and input stellar library (see 3.4).
Firefly fitting routine
Firefly 7 is a chi-squared minimization fitting code that for a given input observed Spectral Energy Distribution (SED), compares combinations of single-burst stellar population models (SSP), following an iterative best-fitting process controlled by the Bayesian Information Criterion until convergence is achieved. No priors -other than the assumed models -are applied, rather all solutions within a statistical cut are retained with their weight. The weight of each component can be arbitrary and no regularization or additional prior than the adopted model grid is applied. Dust attenuation is added in a novel way, using a High-Pass Filter (HPF) in order to rectify the continuum before fitting. The returned attenuation array is then matched to known analytical approximations to return an E(B-V) value. This procedure allows for removal of large scale modes of the spectrum associated with dust and/or poor flux calibration. Firefly provides light-and mass-weighted stellar population properties (age and metallicity), E(B-V) values and stellar mass for the most likely best fitting model and all of its SSP components. Errors on these properties are obtained by the likelihood of solutions within the statistical cut.
The fitting routine follows these steps.
1. Match the resolution of the models to that of the data (usually, downgrading the models) 2. Mask emission lines. 3. Determine dust attenuation in the continuum through high pass filtering. 4. Get the best fitting stellar population model as a linear combination of single-burst models without any prior else than convergence. 5. Compute the light-and mass-weighted synthetic stellar population contributions. 6. Convert χ 2 into probabilities and calculates average properties and errors (both mass weighted and light weighted).
For full details about the Firefly code please turn to Wilkinson et al. (2017) . The code and the models used to create this dataset are public via the SDSS server:
7 http://www.icg.port.ac.uk/firefly -Fitting code:
https://svn.sdss.org/repo/sdss/ firefly/tags/v1_0_4/ -Stellar population models: https://svn.sdss.org/ public/data/sdss/stellarpopmodels/tags/v1_0_ 2/ -A development version of the code where you may find scripts for running fits on large computer infrastructure is available here https://github.com/JohanComparat/ firefly_code (this is only informative) -The official website of the Firefly team is http://www. icg.port.ac.uk/firefly links to the official maintained version of the firefly software.
Note that the official version is ahead (v1_1) of the version used for the DR14 run (v1_0). As 'stellar mass' in the SDSS data release (v1_0), we consider the total mass that went into stars, in order to avoid mismatching with the literature for which the fraction of mass lost via stellar evolution or locked in stellar remnants (white dwarfs, neutron stars and black holes) is not always available. In the official version (v1_1), are available tables with the stellar mass calculated including stellar mass loss, and providing its split in stellar remnants. We publish v1_1 level catalogs as alternate catalogs on the mpe mirror, see Sec. 3.7.
Performances
The code is able to recover stellar population properties such as age, metallicity, and stellar mass, and the star formation history, down to an SNR∼ 5, for moderately dusty systems (E(B-V)<0.75). At SNR∼ 20, the recovery of the star formation history is remarkably good independently of reddening, unless the star formation is very extended (∼10 Gyr). At lower SNR down to SNR∼ 0.5, we find that the stellar masses are in agreement (within errors) with previous estimates based on SED fitting on broad band magnitudes. At such low SNR, the full star formation history cannot be reconstructed accurately. The age-metallicity degeneracy also becomes important and the individual stellar ages and stellar metallicities are uncertain.
The median SNR in all good pixels in the i-band of the spectrum is anticorrelated to the uncertainty on the stellar mass. The higher the SNR, the smaller the uncertainty on the stellar mass, see Fig. 2. 8 This correlation holds up to to redshift 0.4-0.5. Then the band of importance between 3500-5500Å break starts to enter the z-band where the estimation of the SNR are much noisier. So, at lower redshift, selecting the best fits can be done by either a selection on the SNR or on the uncertainty on the stellar mass. At higher redshift, the median SNR measure provided in the SDSS specObj summary files is not a reliable estimate of the actual SNR.
We follow the Lee et al. (2013) procedure to mask pixels affected by the sky and estimate SNR in a cleaner fashion, we call it the effective signal to noise ratio SNR e f f . Due to time constraints, we only perform this study on a subset of the complete sample. We find that in the high SNR regime (S NR > 10), estimations are converging. In the range 1-10, we find large disagreement between the two SNR estimators. For a part of the galaxy population observed, the SN_MEDIAN_ALL estimator underestimates the SNR by a factor 3 to 5 compared to SNR e f f . The galaxies with an underestimated SNR (1 instead of 5) have tightly constrained firefly parameters. So that using this SNR e f f , the correlation with uncertainty on the stellar mass holds down to low SNR e f f and to high redshift. We introduce two thresholds of 0.2 and 0.4 dex uncertainty on the stellar mass that relate to SNR e f f around 20 and 5 where performances were previously quantified.
We therefore rely on the estimated uncertainty on the stellar mass to select the best sample at each redshift. At low redshift, this is equivalent to using the available SNR estimate. For the next release, we will add the estimates of SNR e f f for all spectra to track optimally the code's performances.
Maraston & Strömbäck (2011) models
We use the Maraston & Strömbäck (2011) , -ELODIE, covering 3900-6800Å with a 0.55Å sampling at 5500Å i.e. at a resolution R = 10000 (Prugniel et al. 2007 ).
Recall that SDSS, BOSS and DEIMOS cover 3800-9200, 3650-10,400, 6500-9300 at R∼2000, 2000, 6000. The mismatch between the wavelength coverage of DEEP2 and those models explain the lack of fits at low redshift. It is part of an ongoing effort to complete the low-redshift extension of DEEP2 with IR extended models, which we shall release in the future.
Parameters of the run
For this run, we repeat the computation for the following three choices of the stellar initial mass function (IMF): Kroupa (2001) .
and for each of the input M11 models described above (namely, M11-ELODIE, M11-MILES and M11-STELIB). In total, we provide up to nine models (depending on the convergence of the fit) of the continuum for each galaxy considered.
The grid of models spans ages in the range 6 < log 10 (Age[yr]) < 10 and metallicities in the range −3 < log 10 (Z/Z ) < 3, with each M11 model spanning a different age/metallicity grid (cfr. Wilkinson et al. 2017, Table1) .
Differences corresponding to the various initial parameter choices are discussed later in the paper.
Processing
The processing was done on SCIAMA 9 , a high performance computing facility belonging to the University of Portsmouth (United Kingdom). A fit for a single model takes about a minute cpu so that the whole run required about 350,000 cpu hours. The total data volume is about 3.2T, as in Table 1. 9 http://www.sciama.icg.port.ac.uk/ 
Model spectrum
The lowest level data product is the model file. There is one such file per galaxy spectrum considered. It is available for both DEEP2 and SDSS data sets. It is a fits file with a header and 9 data units. The primary header contains all input parameters used during the fit. The following nine data units each contain -Header. The best fit parameters for each SSP entering the best model. -Data extension. The best-fitting model spectrum: wavelength (Unit Angstrom) and model flux ( f λ convention, unit 10
The nine data units contain the results obtained for the different combinations of stellar libraries and initial mass functions.
-
The data model for this product, named 'spFly', is available here https://data.sdss.org/datamodel/files/EBOSS_ FIREFLY/FIREFLY_VER/RUN2D/SPMODELS_VER/PLATE/ spFly.html, where the link to the individual SDSS files are given. The DEEP2 result model spectra are provided here http: //www.mpe.mpg.de/~comparat/DEEP2/stellarpop/ and follow the naming convention 'spFly-deep2-MASK-OBJNUM.fits'.
An automated summary plot is provided for each model file. It illustrates the spectrum, the models, and the fitted parameters, see 
Plate-level summary catalogs (SDSS only)
Due to the size of the SDSS data set and its structure, we create summary catalogs for each plate, named 'spFlyPlate'. They contain all output parameters from the fitting procedure. The data model for these catalogs is given here https://data. sdss.org/datamodel/files/EBOSS_FIREFLY/FIREFLY_ VER/RUN2D/SPMODELS_VER/PLATE/spFlyPlate.html. This page gives the link to the plate catalogs.
For each spFlyPlate file, a representation of the data obtained is proposed, an example is displayed in Fig. A.2 . It shows the distribution of stellar age and stellar masses measured in plate (0266). It also shows a comparison of the stellar masses derived using the M11 models with the ELODIE stellar library and varying the IMFs. You may note the systematic offset in stellar masses when assuming a Salpeter or a Chabrier IMF (bottom left panel).
As the DEEP2 data is much smaller than the SDSS, we did not create this second layer of summary files for DEEP2.
Summary catalogs
Top-level summary catalogs contain a subset (for SDSS) or all (for DEEP2) of the fitted parameters. In the SDSS case, the catalogs become too large when all parameters are written, so we created catalogs with only subsets of parameters. In the case of DEEP2, the catalog is small enough that adding all parameters is still manageable. The data model for the summary file for the eBOSS data is available at: https://data.sdss. org/datamodel/files/EBOSS_FIREFLY/FIREFLY_VER/ RUN2D/eboss_firefly.html while the one for the SDSS data https://data.sdss.org/datamodel/files/EBOSS_ FIREFLY/FIREFLY_VER/RUN2D/sdss_firefly.html. They differ by the redshift column: 'Z' for SDSS and 'Z_NOQSO' for eBOSS. These summary catalogs are also available in the SCI-SERVER CAS database 10 . The DEEP2 summary file is available here http: //www.mpe.mpg.de/~comparat/DEEP2/catalogs/zcat. deep2.dr4.v4.LFcatalogTC.Planck15.spm.fits and follows the same data model. Assumptions in the IMF or templates induce systematic differences in the constrained parameters. Therefore, we do not provide a mean stellar mass based on these nine runs.
Additional catalogs
Beyond the run described above, we did a number of other runs with different setups. From these emerged valuable catalogs. They are hosted here www.mpe.mpg.de/~comparat/DEEP2/ or www.mpe.mpg.de/~comparat/firefly_catalogs/ in the directory 'additional_catalogs'. Each catalog comes with a short 'readme' file that documents its purpose. For example, we provide nine catalogs (one per IMF x library) with all the measured parameters of the star formation history. We also provide preliminary catalogs of the v1_1 (accounting for remnants) that have slightly different metallicity and age boundary parameters.
Results
We fit the M11 stellar population models using the Firefly software fitter to 1,618,192 (eBOSS) + 851,755 (SDSS) + 34,851 (DEEP2) = 2,504,798 spectra that were identified as galaxies by these surveys. For each spectrum we provide models of the continuum in up to 9 combinations of IMF and input model. This is the first full spectral fitting release of the BOSS+eBOSS highredshift extension of SDSS which provide stellar population parameters. Previous work performing spectral fitting was based on a PCA approach (Chen et al. 2012 ) aimed at maximising the stellar mass determination, and the other stellar parameters were not provided.
In the next sections we discuss about the convergence of the fits (Sec. 4.1). Then, we provide two illustrations of scientific applications of the stellar masses measured by Firefly. In the following we consider the total mass that went into stars, in order to avoid mismatching with the literature for which the fraction of mass lost by stellar evolution or locked in stellar remnants (white dwarfs, neutron stars and black holes) is not always clearly given. Note that we provide calculations of the proper M * and the various contributions by mass lost in the additional catalogs, see Sec. 3.7.
About convergence
For about 70% (60) of the SDSS (eBOSS) data, the stellar masses derived are constrained to the 0.2 dex level. By 'constrained', we mean that the statistical errors are small. Compared to previous studies on the SDSS data, based on spectrophotometry (e.g. Maraston et al. 2013) , the sample size of galaxies with stellar masses constrained to this level is increased by a factor of 2. Therefore we think that we are gaining significant insight on the stellar population parameters. Parameters based on broadband SEDs on the other hand could be calculated for all data as they are less dependent on the SNR of the spectroscopic data. For the DEEP2 data, due to the intrinsic faintness of the spectra and the much lower SNR of the continuum, we could tightly constrain the stellar mass for about 10% of the sample. Exact numbers are available in Table A .1. The convergence of the fits and constraint on the fitted parameters is directly related to the signal to noise ratio measured in the spectrum, as mentioned in Sec. 3.2 and further discussed in Sec. 4.1.1.
Depending on initial setup, 71 to 86% of the fits converged on the SDSS data and between 50 and 60% on the DEEP2 data. In SDSS and eBOSS, the share of non-converging fits is dominated by spectra with low signal to noise ratio and by QSOs that were mis-classified as galaxies by the automated pipeline when the '_NOQSO' option is used. In the DEEP2 data, the non-converging fits are split into two components: low redshift galaxies for which the wavelength coverage of the spectra was not sufficient; very low signal to noise ratio in the continuum (emission line redshifts). In any case, the obtained sample is not a clean subset of the parent catalogs, rather it is a biased subsample of the parent catalogs. In the future, we shall inspect and characterize in detail the exact reasons of the non-converging fits.
Statistical error on the stellar mass
The statistical uncertainty on the stellar mass is estimated using the full probability distribution function of the parameters derived during the fit. Variations between spectra are mainly driven by the average signal-to-noise per pixel in the spectra in the band where information is localized (roughly 3800-5500Å).
The last row of panels of Fig. 2 shows how the median signal to noise ratio in the i-band correlates with the statistical error derived on the estimated stellar mass. At low redshift, we find that the SNR provided in the SDSS catalog is reliable and correlation comes in as expected. Conversely at redshift higher than 0.5, the band of interest shifts into the z-band so that the correlation with the i-band seems to disappear. Looking at this correlation with the SNR in the z-band, we find that the estimator is dominated by pixels contaminated by sky lines. The expected correlation is not present in the z-band, the plot is nearly the same as the one showed for the i-band. A mentioned before, in future releases, we will provide a more robust estimators of the 'effective' SNR in the redder part of the spectrum, which will give the user a better handle on the convergence and sample selection. This redshift effect set aside, the SNR when used conservatively (> 10), still contains a useful information. For spectra with large error on the stellar mass, one should be cautious, and combine this measurement with stellar masses (and other parameters in general) based on broad band magnitudes SED fitting (e.g. Maraston et al. 2013 , for the same galaxies). In some sense, our new catalogs provide stellar masses with a better constrains for a subset of the complete sample SDSS+eBOSS.
Systematical biases and errors
We find that the average uncertainties on the stellar mass is systematically larger when comparing the M11-ELODIE results to the M11-STELIB ones. It should be noted as showed and fully discussed in Maraston & Strömbäck (2011) that the ELODIE stellar library while allowing for a higher spectral resolution and a wider coverage in metallicity, covers a narrower wavelength range with respect to the STELIB library (up to ∼ 6800Å vs ∼ 8000Å, respectively). The narrower wavelength is probably the reason why more solutions due to age/metallicity/dust degeneracy could be accommodated in the fit, hence degrading somewhat the constrain. A wider wavelength range usually allows for a more robust determination of the properties of galaxies, not surprisingly (e.g. Pforr et al. 2012 ).
The other crucial systematic uncertainty on the stellar mass and on stellar mass functions is due to the assumptions of different stellar population models. It is discussed in depth by Bernardi et al. (2016) . They showed that for the same IMF, different assumptions on the adopted stellar population models and dust lead to different stellar masses and stellar mass functions. Different stellar population models cause up to 0.3 dex systematic differences. Different dust models cause up to 0.2 dex systematic differences. Hence, stellar mass values available in different catalogues will show systematic differences. The catalogs presented here follow the 'starforming' flavour of the calculations by the Portsmouth group for the data release 12 ) and available at http://www.sdss. org/dr14/spectro/galaxy_portsmouth. We compared the stellar masses obtained in the previous and the current catalogs. We found the distribution normed by area of the quantity
where M 1 and M 2 are the DR12 and the DR14 versions of the stellar mass measurement to be very close to a normal distribution if using 2σ errors. If using 1σ errors, there is a some level of tension between the catalogs. However, when we consider the subset where galaxies have the same redshift (within 0.001) and the same E(B-V) (within 0.02), then the tension at 1σ disappears. Overall, agreement with its predecessor is very good.
Total mass vs. stellar mass
Using a sub sample of the SDSS plates and the 'Chabrier-M11-MILES' setup, we estimate the mass correction due to stellar mass losses (the corresponding catalogs are available at www.icg.port.ac.uk/firefly and as additional catalogs, see Sec. 3.7). For 54,117 galaxies older than 6 Gyr, the distribution of the correction to the stellar mass has quartiles with values Q1, Q2, Q3 = -0.007, 0.009, 0.03. For 100,621 galaxies with an age 3 <age/Gyr< 6, we get Q1, Q2, Q3 = 0.001, 0.003, 0.026. For 44,560 galaxies with an age 1 <age/Gyr< 3, we obtain Q1, Q2, Q3 = -0.004, 0.0007, 0.005. For 3,711 galaxies with an age age/Gyr< 1, the quartiles are Q1, Q2, Q3 = -0.012, 0.001, 0.018. As expected, the older the stellar population are more strongly affected (e.g Maraston 1998 Maraston , 2005 . All in all, the variation between these catalogues is small: < 0.03 dex with dependence on age. For future SDSS releases (starting with DR15) we shall include all types of mass output in the default run.
Overlap between SDSS, eBOSS and DEEP2
There are galaxies in common which were observed by both SDSS and DEEP2, precisely 64 (493) galaxies were observed by both DEEP2 and SDSS (eBOSS). Among these, 31 (261) have redshift values that agree within |z DEEP2 − z S DS S (eBOS S ) | < 0.0005. 3 (31) galaxies have a stellar mass constrained within ±0.2 dex. For these 3+31 galaxies, the masses measured agree within errors.
Stellar mass function probed by SDSS, eBOSS and DEEP2
The galaxy stellar mass function and its evolution with redshift is a crucial property to perform galaxy formation and evolution studies (Bundy et al. 2006; Pozzetti et al. 2010; Maraston et al. 2013; Ilbert et al. 2013; Bernardi et al. 2016; Etherington et al. 2017) . The study of this function requires large numbers of galaxies hence usually ∼ M * from broad-band photometry is adopted. Here we show -without aiming at performing a full scientific analysis -what we obtain for the galaxy mass function when using our results based on spectral fitting rather than broad-band photometry, and for three different datasets in two redshift bins.
We consider stellar masses constrained to better than 0.2 dex based on the Chabrier IMF for the three libraries ELODIE, STELIB and MILES. For eBOSS galaxies, we consider the area covered to be 10,000 deg2; for SDSS 7,900 deg2 and for DEEP2 0.5 deg2 (low redshift) or 2.78 deg2 (high redshift). For SDSS and eBOSS each galaxy represents itself only, no weighting other than the area is applied. We do not correct for the eventual incompletenesses present in the SDSS and eBOSS data. For DEEP2, we use the statistical weights from Comparat et al. (2016) . These weights correct from the target selection algorithm used in DEEP2 and allow the recovery of the correct galaxy density as a function of redshift and magnitude. For each catalog (3 surveys x 3 libraries), we estimate the observed stellar mass function (OSMF) and its Poisson error (cosmic variance is not taken into account). Then, per survey, we compute the median of the three measurements (3 libraries) and the minimum and maximum of the three measurements (with only Poisson errors considered). The OSMF obtained constitutes a robust a lower limit to the stellar mass function. Indeed because we use only stellar masses that are tightly constrained, we are certain that at least this density of stellar mass exists in galaxies. Fig. 3 . Stellar mass function measured on SDSS, eBOSS and DEEP2 samples containing only tightly constrained stellar masses. Two redshift bins 0.2 < z < 0.5, 0.5 < z < 0.8 show how each survey spans the stellar mass function. For comparison, we added the Ilbert et al. (2013) model (green, they have the exact same redshift bins) and the BOSS SMF from Maraston et al. (2013) , their mean measurement is at redshift 0.5 (magenta line).
We compare our results with the stellar mass functions obtained in COSMOS Ilbert et al. (2013) and in BOSS ). This COSMOS stellar mass function is based on a K-band selected sample that is known to be biased at low redshift as it misses a fraction of the massive star-forming galaxy population i.e. at the high mass end our measurements are expected to be above that of COSMOS. We show the results in two redshift bins: 0.2 < z < 0.5, 0.5 < z < 0.8, see Fig. 3 . We see how each sample (DEEP2, SDSS, eBOSS), considering only the tightly constrained stellar masses, is related to the bulk of the galaxy population depicted by the COSMOS and BOSS stellar mass functions. The comparison with Maraston et al. (2013) (purple line on the Figure) shows the level of incompleteness we have due to our selection on the error on the stellar mass.
Stellar mass function sampled by emission line galaxies in DEEP2
How emission line galaxies populate the cosmic web is a hot topic in cosmology nowadays (Favole et al. 2016 (Favole et al. , 2017 Raichoor et al. 2017; Gonzalez-Perez et al. 2017) . To characterize how emission line galaxies are related to the overall galaxy population, we project the DEEP2 observed stellar mass function in the redshift range 0.83 < z < 1.03 for three [Oii] Fig. 4 .3. It is known that there is scatter in SFR at fixed mass and that the [Oii]-SFR relation also has scatter. Therefore we do not expect to find that only a narrow range of masses is populated by the strongest [Oii] emitters. Indeed, the distributions we find are quite broad, covering the stellar mass range 10 9 < M(M ) < 10 11.5 . More interestingly, these distributions are quite flat and their shape do not seem to depend on the luminosity threshold. Similar distributions were found in Raichoor et al. (2017) . Given that the DEEP2 sample is complete for the [Oii] luminosity limits applied, we conclude that up to z = 1.5 there is no preferred host galaxy mass (in the range 10 9 < M(M ) < 10 11.5 ) to find a strong [Oii] emission. Recently, a broad range of properties of ELGs was predicted by the model presented in Gonzalez-Perez et al. (2017) . In our data, it seems that massive galaxies are selected as [Oii] emitters, something that was not expected from that model. This discrepancy might be related to the treatment of the dust in the model, although a further detailed analysis will be needed to understand this better, a very interesting puzzle.
The broad distribution in stellar mass means that studying stacked spectra of galaxies selected by emission line luminosity thresholds will result in a statement about their mean stellar populations, that is unlikely to capture the variety of galaxies constituting the emission line galaxy population. Said differently, ELG stacks might not capture how diverse the ELG population actually is. This happens also because the light of emission-line selected galaxies is dominated by their latest generation of stars, which overshine the underlying structure of older stellar populations (known as the 'iceberg effect ' Maraston et al. 2010 ).
Summary and future releases
We provide the stellar population properties as obtained by full spectral fitting of models to the observed spectra for SDSS DR14 galaxies, including their high-z extensions (eBOSS), and for the DEEP2 survey. Compared to previous releases, this one doubles the number of galaxies with a tightly constrained stellar mass parameter. Thanks to the high performance computing environment "SCIAMA" at the University of Portsmouth, we could create models of the continuum for nine configurations of IMF and stellar libraries for about 2.5 million galaxies. This catalog is the continuation of the Portsmouth SDSS galaxy property catalogs, which were using the spectroscopic redshift combined with the broad-band photometry. To do so, we adopted the newly released Firefly fitting code coupled with the stellar population models by Maraston & Strömbäck (2011) . This combination has improved the precision of derived parameters. In particular, the stellar mass for SDSS galaxies is obtained with a precision of about 0.2 dex for a given IMF, when SNR> 20. This shows that beyond providing an accurate redshift measurement and thus an accurate distance, there is large amount of valuable information in the spectra to help further constrain the stellar population history. We explored the observed stellar mass function probed by SDSS, eBOSS and DEEP2 for galaxies with 0.2<z<0.8, setting a strict lower limit to them.
We explore for the first time the stellar population models of DEEP2 emission line galaxies and find that these galaxies span a variety of properties, which is in broad agreement with predictions of the state-of-the-art semi-analytical models. In particular, DEEP2 galaxies selected by their [OII] luminosity in the redshift range 0.83<z<1.03, have stellar masses with a constant number density in the range 10 9 < M(M ) < 10 11.5 . Ongoing firefly developments expected for the next SDSS public release (DR15 onwards) are:
-A plugin to the SDSS webapp 11 to access interactively the continuum models.
-Emission line measurements on the residuals. -An AGN mode to firefly to allow for fitting all the pixels of AGN spectra (e.g. Calderone et al. 2017) .
There are a variety of science cases that will be explored in depth in upcoming companion papers.
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